Non-collinear antiferromagnets can have additional spin Hall effects due to the net chirality of their magnetic spin structure, which provides for more complex spin-transport phenomena compared to ordinary non-magnetic materials. Here we investigated how ferromagnetic resonance of permalloy (Ni 80 Fe 20 ) is modulated by spin Hall effects in adjacent epitaxial IrMn 3 films. We observe a large dc modulation of the ferromagnetic resonance linewidth for currents applied along the [001] IrMn 3 direction. This very strong angular dependence of spin-orbit torques from dc currents through the bilayers can be explained by the magnetic spin Hall effect where IrMn 3 provides novel pathways for modulating magnetization dynamics electrically.
Antiferromagnetic materials are promising for future spintronic applications, since they combine several advantageous features. They are robust against perturbation due to magnetic fields, produce no stray fields, display ultrafast dynamics, and are capable of generating large magnetotransport effects [1, 2] . The idea of using antiferromagnetic materials in spintronic devices [3, 4] has gained interest with the realization that antiferromagnets can be efficient sources of spin currents [5] [6] [7] [8] [9] and that their spin structure can be modulated electrically [10] [11] [12] .
Furthermore, antiferromagnets with non-collinear spin configurations provide additional rich new spin-transport phenomena, since any chirality of their spin structure may result in nonvanishing Berry curvatures affecting profoundly their charge transport properties [13] [14] [15] .
Towards this end, it has been shown that triangular antiferromagnets with chiral spin arrangements can exhibit ferromagnetic-like behaviors such as a large anomalous Hall and Nernst effects, as well as a magneto-optical Kerr effect. An interesting addition to these discoveries is the magnetic spin Hall effect (MSHE), which has recently been observed in the triangular antiferromagnet SnMn 3 [16] . The magnetic spin Hall effect originates from a reactive counterpart of the dissipative spin response responsible for the ordinary spin Hall effect [13] . This interpretation is supported by the dependence of the spin Hall effect (SHE) signals on the magnetic-order parameter reversal and can be interpreted in terms of the symmetries of welldefined linear response functions. This means that the MSHE can be explored under the condition of ferromagnetic resonance and represents a new way of analyzing the magnetization dynamics, i.e., when dc electrical current passes through the uniformly magnetized material, a non-equilibrium distribution of spins at the interface influences the dynamic properties. In particular, current-induced modulation of damping has become a standard technique for quantifying spin Hall effects [17, 18] . Therefore the control of damping in ferromagnetic/antiferromagnetic bilayer can provide fundamental insights for ferromagnetic or antiferromagnetic spintronics.
Here we investigate the non-collinear antiferromagnet IrMn 3 , in which Mn atoms form Kagome lattice in the {111} planes [See Fig. 1 (a) ]. In addition, IrMn 3 has a giant magnetocrystalline anisotropy energy due to the locally broken cubic symmetry of the Mn sublattices [19] . Additionally, IrMn 3 2 (degrees) MgO(200) [010]
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[100]
[010]
[111] means that the blocking temperature is above 300 K, which shows that an exchange bias can be stabilized at room temperature for IrMn 3 /Py bilayer and thus IrMn 3 is antiferromagnetically ordered at room temperature [23] .
We utilize a flip-chip ferromagnetic resonance technique [24] for characterizing the Gilbert damping measured for fields applied in different crystal orientations. We measured the transmission coefficient by sweeping the frequency at fixed fields. [19] , where t FM = 10 nm is the thickness of the ferromagnetic material (Ni 80 Fe 20 , Py). This means that the interfacial coupling of the material modifies its dynamic properties.
We have also performed ferromagnetic resonance experiments in the presence of a dc current [See Fig. 2 (a) ]. The experimental results suggest that there are three distinct contributions to α: the first mechanism is that α is strongly facet-dependent and is derived from the antiferromagnetic domains of the uncompensated spins; the second mechanism is that it is facet-independent and arises from bulk spin-orbit coupling within the IrMn 3 layer and the third is the magnetic spin Hall effect (MSHE). It is known that chemically ordered IrMn 3 has a triangular chiral magnetic structure with the Mn magnetic moments aligned at 120 o to each other in the (111) plane [20] . The coupling of the magnetization of Ni 80 Fe 20 to the Mn interface moments becomes strongly fixed in its preferred direction by the preferred antiferromagnetic domains in the bulk of the IrMn 3 film [26] [27] [28] . The coupling at the IrMn 3 /Ni 80 Fe 20 interface is responsible for the spin current flow and the concomitant manipulation of damping of the magnetization in Ni 80 Fe 20 . Figures 3 (a) and (c crystallographic directions, respectively.
The MSHE generated in IrMn 3 leads to significant changes in the magnetization dynamics of the adjacent Ni 80 Fe 20 layer depending on the crystalline orientations. For an (100)oriented IrMn 3 film, the in-plane current leads to a large out-of-plane spin current whose amplitude is much larger than that of a (111)-oriented IrMn 3 films [20] . As shown in Fig. 1 (a) in The influence of the spin accumulation generated by the spin current e /2 ) j (j j s      at the antiferromagnetic/ferromagnetic interface due to the MSHE also depends on the crystallographic direction of the material. As shown in Fig. 3 (a) for -1 mA or +1 mA dc current, the damping variation for magnetic fields applied either along the [001] or [011] crystallographic directions is Δα MSHE ≈ (40 ± 1) %, which is consistent with the ratio between the intrinsic Hall conductivities [20] [21] [22] . The MSHE is influenced by the contributions of intrinsic Hall conductivities of the domains with opposite chirality of spin [32] . A variation of this order opens new possibilities for the control of spin currents and thus information flow in spintronics devices. The fit of Fig. 4 (b) was realized with the function {[α [011] -α(ϕ)]/α [011] }×100% = Δα MSHE sin(±2ϕ), where Δα MSHE = (40 ± 1) % is consistent with the previous results. This signifies that the condition of mirror symmetry is broken in IrMn 3 , providing evidence for the MSHE existing in this material [16] .
Similar measurements were performed with dc electrical currents applied along the [011] crystallographic direction. The results are similar to the ones shown in Figure 4 (b) . It is also worthwhile to note that recently very large anisotropies of the magnetization damping as a function of magnetic field direction with respect to the crystalline orientation have been observed for individual ferromagnetic layers [33] . This differs from the current observation where the magnetic damping of the Ni 80 Fe 20 film without any applied electric current is largely independent of the magnetic field orientation as can be seen in Figs. 3 (b) and (d) . In contrast here, only the electric current dependent part of the magnetization damping shows a large anisotropy.
In summary, we have shown that bilayers of IrMn 3 /Ni 80 Fe 20 have a strong modulation of electric current induced damping-like spin torques. The angular magnetic field dependence indicates that this damping-like torques originates from magnetic spin Hall effects in the IrMn 3 .
This indicates that chiral antiferromagnetic systems, such as IrMn 3 can provide additional functionality for electric current control of magnetization dynamics with very different symmetries than what can be expected from conventional spin Hall effects. Thus this work provides new perspectives for the fundamental understanding of charge-to spin-current conversions in antiferromagnets, as well as new avenues for integrating chiral antiferromagnets into spintronics devices.
